Background The effect of breast-feeding on the concentration of nitric oxide (NO) in milk was investigated in lactating mothers.
Introduction
Nitric oxide (NO), which is synthesized from L-arginine by nitric oxide synthase (NOS), has many biological e¡ects, including vasodilation, neurotransmission, immune targeting, hormone production and gene expression. 1 The presence of the L-arginine/ NO pathway in the endothelium and smooth muscle of the human internal mammary artery have been described. 2 In recent studies it has been reported that the mammary gland produces and responds to NO, 3 and milk NO concentrations peak on postpartum days 2^4. 4 One of the factors that increases milk production is the suckling action, which may activate NOS.We have investigated the e¡ect of suckling on the concentration of NO in milk.
Materials and method
A total of 217 samples of breast milk were obtained from 45 healthy lactating women on days 1, 2, 3, 4 and 5 after normal delivery. The age range of the subjects was 21^34 years and they were divided into three groups: group 1, breast-feeding; group 2, mixed feeding (breast milk by manual expression and additional formula feeds); and group 3, formula feeding and no suckling. Milk samples were obtained from each subject after 8^10 h of fasting between 08.00 h and 09.00 h on days 1^5, and blood samples were taken on the ¢rst and ¢fth postpartum days. Milk samples could not be obtained from two subjects in group 1 and one subject in group 2 on day 3, two subjects in group 1 and group 2 on day 2, and one subject in group 2 on day 1. Milk and blood samples were centrifugated and supernatants were stored at ¡208C until assay.
The end products of NO, nitrite and nitrate, were used as a measure of NO. Milk and serum samples were diluted tenfold and fourfold, respectively, with distilled water and deproteinized with zinc sulphate (300 g/L), and the concentration of nitrite and nitrate in the supernatant was measured using the Griess reagent. 1 In this method nitrate was converted to nitrite by nitrate reductase before reacting with Griess reagent. All samples were analysed in a single assay. Within-run coe¤cients of variation (CVs) were 11% for milk and 8% for serum.
Statistical analysis
The results were expressed as mean § SD. Comparisons between groups were made by ANOVA. In each group, di¡erences between days were compared using Student's paired t-test, and P50 ¢ 05 was considered to be signi¢cant.
Results and discussion
The highest mean milk NO concentration was seen on day 4 in all groups, but the peak value in group 3 was signi¢cantly lower (P50¢0001) than in groups 1 and 2. As shown in Fig. 1 , the milk NO concentrations in group 1 were signi¢cantly higher than those in groups 2 and 3 on days 1 (P50¢001, P50 ¢0001, respectively), 3 (P50¢05, P50 ¢01, respectively), 4 and 5 (P50 ¢ 001 for both). In group 2, milk NO concentrations on days 1 (P50 ¢ 05), 2 (P50 ¢ 001) and 4 were higher than those of group 3 on day 2; the di¡erence of milk NO concentrations between group 1 and 3 was also signi¢cant (P50¢0001). There was no signi¢cant correlation between milk and serum NO concentrations on days 1 and 5.
It has been reported that activators of NOS in the drinking water of rats increased the weight of infant rats. 5 Other studies have shown that endogenous NO has a role in other secretory processes, such as gastric secretion. 6 These ¢ndings may suggest that NO is involved in lactation.
We found that the rate of increase in milk NO concentration in group 3 was lower than that of the other groups, and the peak was on day 4. These ¢ndings con¢rm the speculation of Iizuka et al. 4 that the action of suckling might activate NOS. We conclude that stimulation of the breast areola might activate NOS in mammary tissue and increase the secretion of NO into milk. 
